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The snow crab (Chionoecetes opilio) shells have potential important economical and industrial applications due to
their chemical composition. They have a high content of protein (34.2% dw) and essential amino acids; they also have
fat (17.1% dw), with a high proportion of o3 polyunsaturated fatty acids. About 28.5% dw corresponds to ash
(calcium, phosphorous, and magnesium are the major minerals). The mean concentrations of vitamin E, astaxantin,
and b-carotene were 23.3, 9.49, and 0.2 mg/100 g dw, respectively. Results presented in this study indicate that snow
crab by-products may serve as excellent nutritional components for future applications in the health and food sectors.
Keywords: shells of Chionoecetes opilio; composition; proteins; lipids; vitamin E; ash and minerals; high added value
compounds
Los caparazones del cangrejo de las nieves (Chionoecetes opilio) pueden tener aplicaciones industriales y económicas
potencialmente importantes debido a su composición quı́mica. En su composición destaca el elevado contenido en
proteı́nas (34,2% ms) y aminoácidos esenciales, en lı́pidos totales (17,1% ms), con una elevada proporción de ácidos
grasos poliinsaturados o3, en cenizas (28% (ms), principalmente calcio, fosfatos y magnesio. La concentración
media de vitamina E es de 23,3 mg /100 g ms, de astaxantina 9,49 mg /100 g ms, de b-caroteno 0,2 mg /100 g ms. El
alto contenido en nutrientes, puesto de manifiesto en este estudio, indica que los productos de desecho del cangrejo
de las nieves pueden ser utilizados como productos de alto valor añadido para su aplicación en suplementación de
dietas para alimentación humana y acuicultura.
Palabras clave: caparazón de Chionoecetes opilio; composición; proteı́nas; lı́pidos; vitamina E; cenizas y minerales;
compuestos de alto valor añadido.
Introduction
In recent years, the exhaustion of marine resources is a
reality all over the world even in the case of resources
regulated internationally by FAO through the Regio-
nal Fishery Bodies (http://www.fao.org/fishery/en).
Annual discard of the fisheries worldwide are estimated
to be ca. 20 million tons, which represents 25% of the
catch and include ‘‘non-targeted’’ species, processing
waste, and by-products (Ferraro et al., 2010). Waste
and by-products discharged by the fisheries are
currently increasing and it poses a serious environ-
mental problem.
The seafood consumption has consistently in-
creased during the recent years, as seafood has been
progressively recognized as an important source of
nutrients for human health. A very high percentage of
captures are not considered useful because they are not
profitable due to their low consumer acceptability.
Nevertheless, these captures apart from reducing waste
of marine resources, may have intrinsic nutritious
value as source of high added value compounds,
suitable for human health applications (Ferraro
et al., 2010).
As the global supplies of fish meal and fish oil limit
further expansion in the fast growing seafood industry,
initiatives to study alternative sources of raw materials
for food and feed production will reduce the pressure
on the limited marine resources and enable develop-
ment of more cost-effective feeds.
Marine invertebrates are widely being used as food
and feed supplement around the world and may be
used in enrichment of diet and new value-added
products to decrease processing waste and increase
profits (Obatolu, Skonberg, Camire, & Dougherty,
2005; Tibbetts, Olsen, & Lall, 2011; Velu & Munuswa-
my, 2007). These by-products have applications in the
food industry, including health-promoting ingredients
such as marine oils and calcium, as well as enzymes,
antioxidants, flavorings, and pigments (Shahidi, 2006).
Crabs, among many other invertebrates, are consid-
ered to be an important shell fishery product. The
demand for products derived from fishing has
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increased considerably. This has prompted a sustained
upward development in aquaculture activity, and a
corresponding increase in the need for fish feed.
Success in aquaculture is based on various criteria,
in which selection of a suitable feed and its potential
use is important. Crustacean-processing waste or
by-product has traditionally been added to animal
feeds. These by-products contain pigments, flavor
components, calcium, and other minerals, as well as
high-quality protein and can also be used to create
value-added products (Heu, Kim, & Shahidi, 2003;
Mach, Nguyen, & Nortvedt, 2010; Murphy et al., 2003;
Oliveira Cavalheiro, Oliveira de Souza, & Bora
2007; Rosa & Nunes, 2003; Shahidi & Synowiecki,
1991; Skonberg, Donahue, Bayer, Floreto, & Riley,
2001; Tibbetts et al., 2011; Toppe, Aksnes, Hope, &
Albrektsen, 2006; Velu & Munuswamy, 2007). Marine
by-products represent a source of lipids of interest to
the health, nutrition, aquaculture, and cosmetology
industry (Beaulieu, Thibodeau, Bryl, & Carbonneau,
2009).
Snow crabs, Chionoecetes opilio (Brachyura: Maji-
dae), are found throughout the Northeast Atlantic
(from Greenland to the Gulf of Maine), the northern
Pacific, the Bering Sea, the Arctic Ocean, and the Sea
of Japan (http://www.glf.dfo-mpo.gc.ca). The snow
crab diet is diverse and is composed primarily of algae,
crustaceans (shrimp, crab, amphipods, copepods,
isopods, and ostracods), mollusks, and worms. Com-
mercial fishery of this crustacean started in 1966 after
exploratory surveys discovered the first major stocks
of snow crab in the Gulf of St. Lawrence (http://
www.fao.org/fishery/species/2644/en). Since then, new
stocks have been located almost every year. The main
fishing grounds are found from southeast of the Gaspe
Peninsula (Quebec) to the Magdalen Islands of the
Gulf, around Cape Breton Island and in southwestern




The countries with the largest catches reported for
this species by FAO for 1999 were Canada (95.115 t)
and St. Pierre and Miquelon (589 t). The landed
volume of snow crab for Canada in 2004 was 103.00 t
and in 2006, 90.000 t (http://www.fao.org/fishery/
species/2644/en). The quantity of snow crab landed
and exported from Canada to the rest of the world has
remained stable in recent years (between 90.000 and
100.000 tm landed and around 50.000 tm exported),
and the principal markets are in US and Japan (http://
www.dfo-mpo.gc.ca/index-eng.htm). Although snow
crab is caught in considerable amounts, the only part
that is marketed, usually in Japan, is the legs (claws),
while the rest of their anatomy (that is to say, the
cephalotorax) is wasted completely. Average size crab
in the commercial catch has shell size approximately
11 cm in width and 0.5 kg dry weight. Female shells
rarely reach the size of 9.5 cm and a fully grown male
crab is approximately twice as large, reaching a
maximum shell width of 14 cm. Male snow crabs
become commercially viable when their shell width
reaches 9.5 cm.
Snow crab exploitation generates important vo-
lumes of by-products because of their abundance and
relative ease of capture. These shell wastes constitute
valuable sources of components and a potential new
industrial resource (Beaulieu et al., 2009; Ferraro et al.,
2010) because it is a nutritional and valuable source
of protein (Mach et al., 2010; Vilasoa-Martı́nez,
Lopez-Hernandez, & Lage-Yusty, 2007), lipids
(Vilasoa-Martı́nez, Rodrı́guez Bernaldo de Quirós,
López Hernández, & Lage Yusty, 2009), and carote-
noids (Christiansen & Torrissen, 1996; Vilasoa-Martı́-
nez et al., 2008).
As a whole, seafood products have been claimed for
their health-promoting characteristics. The aim of the
present study was to know the chemical composition
of discarded snow crab shells in terms of proteins,
amino acids, total fat and profile of fatty acids, ash
(phosphorus, calcium, and magnesium), vitamin E, and
carotenoids in order to explore possibilities for future
applications in the health and food sectors.
Materials and methods
Samples (harvest and preparation)
The male snow crabs (Chionoecetes opilio) were
harvested from the North Atlantic between Greenland
and Canada; 30 samples in October 2003 (658400N,
548300W) and 40 samples in November 2005 (638450N,
538040W) were collected. Meat from body and claw
portions of the crab were separated by hand and
dedicated for sale as a food product. For the purposes
of this study, shells were frozen in the ship and
transferred to our laboratory where they were de-
frosted using steam until most of the surface water was
eliminated. Afterward, shells were weighed to deter-
mine percentage of moisture; dried at 508C for 48 h
and in a vacuum oven for 4 h until a constant weight
was attained. After cooling to room temperature,
samples were weighed again, homogenized (Omnimixer
homogenizer 17106), and stored in the freezer until the
analysis.
Samples were subjected to proximate composition
analysis by the following determinations: Kjeldhal
nitrogen, amino acids, total fat and profile, ash
(phosphorus, calcium, and magnesium), vitamin E,
and carotenoids. Samples have been analyzed by
duplicate.
Proximate composition analysis
Proteins and amino acids were determined in the
samples according to Vilasoa-Martinez et al. (2007).
Proteins were determined by Kjeldhal nitrogen method
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using a bloc-digest, at optimal time and temperature
conditions (1258C for 30 min, 2008C for 30 min, and
4008C for 120 min), followed by a distillation of the
obtained nitrogen in a distilling unit (J.P. Selecta, S.A.,
Spain). Crude protein content was calculated from the
nitrogen content by multiplying by 6.25.
An HPLC method was used to analyze the amino
acids [L-alanine (Ala), L-arginine (Arg), L-aspartic
acid (Asp), L-glutamic acid (Glu), L-glycine (Gly),
L-histidine (His), L-isoleucine (Ileu), L-leucine (Leu),
L-lysine (Lys), L-methionine (Met), L-phenylalanine
(Phe), L-proline (Pro), L-serine (Ser), L-threonine
(Thr), L-tyrosine (Tyr), and L-valine (Val) were
obtained from Sigma Chemical Madrid, Spain] in
dried crab shells after derivatization with phenyli-
sothiocyanate. The resulting amino acids were chro-
matographed on an ODS2 column with UV detection
at 254 nm. The mobile phase was a mixture of 0.14 M
sodium acetate buffer, pH 6.2, containing 0.05%
triethylamine and 60:40 (v/v) acetonitrile-water, at a
flow rate of 0.9 mL/min.
Total lipids and fatty acid profile (C14:0; C16:0;
C16:1o7; C16:2o4; C18:0; C18:1o9; C18:1o7;
C18:2o6; C18:3o4; C18:3o3; C18:4o3; C20:0;
C20:1o9; C20:2o6; C20:4o6; C20:3o3; C20:4o3;
C20:5o3; C22:0; C22:5o3; C22:6o3, obtained from
Supelco, Bellefonte PA, USA, as fatty acid-methyl
ester) were determined according to Vilasoa-Martinez
et al. (2009). Total lipids were determined using the
Soxhlet system and petroleumbenzine as solvent. The
fatty acid profile was determined by gas chromato-
graphy-flame ionization detection using a one-step-
extraction-methylation method to obtain acid methyl
esters.
Ash content was determined by dry ashing in a
furnace oven at 5508C until the grey ash was
obtained (AOAC, 1990). The ash was then used for
mineral determination. Phosphate standard solutions
of 1 g P/L were prepared in water with potassium
dihydrogen phosphate. Aliquot portions were quanti-
tatively transferred and diluted to obtain the working
solutions. Standard curves between 2 and 60 mg/L
were used for the determination of phosphorus, using
molibdate-vanadate reagent and measuring absor-
bance at 430 nm in a spectrophotometer Cary 3E
UV-Visible (Varian, Australia).
For the determination, the molibdate-vanadate
reagent (known volume) was added to ash aliquot
(10 mg), and the results were expressed in absorbance
at 430 nm. Standard curves were used for the
determination of phosphorus.
Regarding calcium and magnesium, an ash aliquot
(20 mg) was digested in nitric acid. Both minerals were
determined by complexometry, using NaOH 35% as
buffer and calcon carboxilic acid as indicator for
calcium and buffer NH3/ClNH4 and Eriochrome black
T as indicator for magnesium, and Titriplex as reagent
of titration.
Vitamin E and carotenoids were determined
according to Vilasoa-Martinez et al. (2008). Vitamin
E and carotenoids were extracted with acetone (1 g of
dry sample was extracted using three portions of 5 mL
of acetone) and evaporated until dryness in a
rotavapor system. The residue was dissolved in
methanol-hexane-dichloromethane and injected into
HPLC coupled with UV-Vis and fluorescence detec-
tors. The carotenoids were determined with diode-
array detector (l 450 nm), and vitamin E with
fluorescence detector (lex 288 nm, lem 331 nm) in
gradient using a mobile phase consisting of methanol
as solvent A, acetonitrile as solvent B, and hexane-
dichloromethane as solvent C.
Results
The mean width and length of shells were
11.3+ 0.95 cm by 11.8+ 0.93 cm and the mean
weight was 116.4+ 30 g for samples harvested in
2003, and the mean width and length of shells were
12.4+ 1.0 cm by 11.1+ 1.0 cm and the mean weight
was 130.8+ 23 g for samples harvested in 2005. In
2003, snow crabs of smaller size were harvested. The t
test shows significant difference between length, width,
and weight of the samples harvested in 2003 and 2005.
Table 1 shows the descriptive statistics of length, width,
and dry weight of total samples analyzed. The average
size crab is viable for commercialization (the crab
must have a width greater than 9.5 cm (only the males
are sold)). Supplementary Figure 1 shows the mean
proximate composition of snow crabs harvested in
2003 and 2005.
Table 2 gives the proximate composition of shells of
snow crab. The analyses have been carried out in
duplicate. The mean percentage moisture obtained was
72.0%+ 5.8. Results are expressed in dry weight;
proteins were in higher content, followed by minerals
and lipids.
Lipid content is a key factor in the diet for human
consumption and aquatic species. High lipid levels
(between 16% and 35%, depending on species and
growing conditions) serve to save most of the protein
and achieve excellent growth. The fatty acid profile of
Chionoecetes opilio shells was dominated by polyunsa-
turated fatty acids, especially o3, docosahexanoic acid
(DHA), and eicosapentaenoic acid (EPA) (Vilasoa-
Martinez et al., 2009).
The amino acid content (Table 3) in snow crab
shells is important. The shells presented the following
essential amino acids: methionine, arginine, threonine,
tryptophan (is deleted in the method used), histidine,
isoleucine, lysine, leucine, valine, and phenylalanine.
Of these, methionine and lysine are essential for
aquatic species (Li, Mai, Trushenki, & Wu, 2009;
Mach et al., 2010; Smith, Tabrett, Barclay, & Irvin,
2005). Besides the high protein content, it has an amino
acid composition suitable for human consumption.
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Mineral content is also important because low
concentrations in aquatic diets can have adverse effects
on reproduction (Lee et al., 2010).
The content of vitamin E, 23.31 mg/100 g dw
(Vilasoa-Martinez et al., 2008), takes on significant
importance due to its antioxidant. The higher value
of carotenoids corresponds to astaxanthin (Vilasoa-
Martinez et al., 2008), primary pigments in crustaceans
shell color. The astaxanthin is used for humans as a food
supplement. This pigment is very useful in aquaculture
(Christiansen & Torrisen, 1996) because the fish cannot
synthesize carotenoids (present in invertebrates), and
their addition to feeds is an additional economic value.
Discussion
According to the literature, the proximate composition
of discarded shell from various crustaceans could be
used in diets for human consumption and fish as an
alternative animal protein (Gigliotti, Jaczynski, & Tou,
2008; Mach et al., 2010; Özogul, 2000) or in other feeds
(Gyeong Bong, 2007; Skonberg et al., 2001). The protein
content of our snow crab sample (34.2% dw) is higher
than that reported by other authors (Manu-Tawiah &
Haard, 1987; Shahidi & Synowiecki, 1991), but slightly
lower than that found by other authors in other
crustaceans, also used in the manufacture of feed, as
shrimp shell wastes (Heu et. al. 2003; OliveiraCavalheiro
et. al. 2007; Shahidi & Synowiecki, 1991; Smith et al.,
2005) and than hard shell crab lump and claw (Benjakul
& Suttipan, 2009), while the ash content is similar.
However, the lipid content of snow crab shells (17.1%
dw) was higher (Benjakul & Suttipan, 2009; Heu et al.,
2003; Manu-Tawiah & Haard, 1987; Naczk, Williams,
Brennan, Liyanapathirana, & Shahidi, 2004; Oliveira
Cavalheiro et al., 2007; Ramamohanrao, Kallapur, &
Narasubhai, 1983; Shahidi & Synowiecki, 1991), and
thus it can be used as a feed for aquatic species.
Snow crab shells have a high economic potential
because their mean weight is similar to the mean
weights of other whole crabs, such as blue crab, swim
crab (Gökoolu & Yerlikaya, 2003), or green crabs
(Skonberg & Perkins, 2002). Velu & Munuswamy
(2007) indicate the nutritional value of crustaceans as
potential candidates for use in diets. Compared to our
snow crab shells, the reported moisture and protein
content in meat were higher, however, it is not the same
for total lipids and ash content. In our snow crab
shells, the lipid content and ash are higher than the
crustacean meat, and it is similar to that found in snow
crab by-products (Beaulieu et al., 2009) and for edible
viscera (Chen, Zhang, & Shersta, 2007) and hepato-
pancreas (Latyshev, Kasyanov, Kharlamenko, &
Svetashev, 2009). It is a test of the nutritional value
of such by-products, with values equal to or greater
than edible crustaceans, which are discarded.
In the other hand, the fatty acid profile of
Chionoecetes opilio crab shell had predominantly
polyunsaturated fatty acids, especially o3. Fatty acids
such as eicosapentanoic acid (EPA) and docosahex-
anoic acid (DHA) are considered essential for marine
fish and must be provided in the diet. The relationship
o6/o3 is 0.08 according to Latyshev et al. (2009) and
0.1 according to Beaulieu et al. (2009), and represents
a good index of nutritional value, for snow crab oil
by-products, while in other crabs and shrimp, o3 is in a
lower percentage and the ratio is higher (Chen et al.,
2007; Heu et al., 2003; Latyshev et al., 2009).
The o3 polyunsaturated fatty acids have been
reported to have various beneficial health effects that
include reducing the risk of cardiovascular diseases
(Ferraro et al., 2010). The snow crab shells might be
considered as an innovative source of o3 long chain
polyunsaturated fatty acids for human and aquaculture
feeding purposes (Beaulieu et al., 2009; Bransden,
Battaglene, Morehead, Dunstan, & Nichols, 2005;
Ferraro et al., 2010).
In what regards to amino acids, Beaulieu et al.
(2009) showed that protein-enriched fractions demon-
strate a well-balanced amino acid composition, espe-
cially including essential amino acids with potential
application benefits for promoting human health.
In the aquaculture diet, the essential amino acids are
also required for maintenance, growth, and reproduc-
tion. Jaswal (1990) reported substantially higher results
for the studied amino acids in the same type of crab and
Heu et al. (2003) in by-products of shrimp. In Chinese
mitten crab, similar content and profile was found
(Chen et al., 2007). Moreover, Li et al. (2009) showed
that some amino acids are important regulators of key
metabolic pathways that are necessary for maintenance,
growth, feed intake, nutrient utilization, immunity,
reproduction, behavior, larval metamorphosis, as well
as resistance to environmental stressors and pathogenic
organisms in various fishes.
As expected, minerals, especially calcium, were
present in higher amounts in shells, and may serve as
nutritional components for applications in food sectors
(Beaulieu et al., 2009; Ferraro et al., 2010; Shahidi &
Synowiecki, 1991). Calcium content is higher in the
exoskeleton of crab and lobster, followed by phos-
phorus and magnesium; and it is similar to the one
found in their by-products of crabs and shrimps
(Bobelmann, Romano, Fabritius, Raabe, & Epple,
2007; Heu et al., 2003; Velu & Munuswamy, 2007).
Studies by Toppe et al. (2006) and Lee et al. (2010)
indicate that high ash raw materials, such as crab
by-products, may successfully be utilized as feed
ingredient in cod feeds and rainbow trout, respectively.
An important quality factor, which affects consumer
acceptance andmarket value, of many species of fish and
shellfish is the pink or redmeat or exoskeleton after being
boiled. In nature, this coloration is derived from the
ingestion of carotenoid pigments found in invertebrates,
because fish may not synthesize, and it is mainly due to
astaxanthin. Shell wastes from snow crabmay find use as
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a dietary source of colorant for cultured salmonids
(Christiansen & Torrissen, 1996; Ferraro et al., 2010;
Manu-Tawiah&Haard, 1987). Research in this field has
showed that all fish feed carotenoid supplement diets
displayed a pink-colored skin and astaxanthin diesters
were the major carotenoids in the skin of pink fish
(Lawrence, Tsushima, George, & Lawrence, 2002;
Moretti et al., 2006; Shahidi & Synowiecki, 1991; Tejera
et al., 2007), but their addition to feed as a synthetic
product is expensive. Besides the role of carotenoids in
the pigmentation of the muscle, they also act as
precursors of vitaminA and as an antioxidant protecting
body fat from peroxidation. The presence of vitamin E
and carotenoid pigments, mainly astaxanthin, in shell
crabs makes them a potential source for the elaboration
of organic feed in aquaculture.
The primary use of carotenoid pigments for human
consumption is as a food supplement. Research shows
that due to astaxanthin potent antioxidant activity, it
may be beneficial in cardiovascular, immune, inflam-
matory, and neurodegenerative diseases (Fasset &
Coombes, 2009) Few researches have suggested it
potential as an anti-cancer agent (Palozza et al., 2009).
Research supports the assumption that it protects body
tissues from oxidative damage.
Results presented in this study are in agreement
with other studies and indicate that snow crab by-
products may serve as excellent nutritional components
for future applications in the health and food sectors.
Many potential application benefits for promoting
human health are possible due to the bioactive
compounds found in snow crab by-products.
Conclusions
This study shows that the great volume of discarded
snow crab shells, with great economic and nutritive
potential as components of formulations of high value-
added compounds, can be employed as excellent
nutritional components in future in the health and
food sectors. Snow crab shells have high protein
content, essential amino acids, and fat, mostly poly-
unsaturated fatty acid o3, carotenoids, and minerals
(calcium, phosphorus, and magnesium). Therefore,
these by-products meet many of the characteristics
and requirements of human and aquaculture food and
may be of interest as health-promoting agents, dietary
protein, and as lipid or mineral supplements.
Supplementary material
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